
European  Patent  Office  ©  Publication  number:  0  1  6 5   6 3 3  
Office  europeen  des  brevets  A 2  

EUROPEAN  PATENT  APPLICATION 

@  Application  number:  85200854.9  @  Int.  CI.4:  G  01  N  33 /52  

^   G  01  N  1/30,  G  01  N  3 3 / 6 8  
(22)  Date  of  filing:  29.05.85 

@  Priority:  22.06.84  GB  8415998  @  Applicant:  JANSSEN  PHARMACEUTICA  N.V. 
Turnhoutsebaan  30 
B-2340  Beerse(BE) 

@  Date  of  publication  of  application: 
27.12.85  Bulletin  85/52  @  Inventor:  Moeremans,  Marc  KarelJulia  Jozef 

Donk90 
@  Designated  Contracting  States;  B-2400  Mol(BE) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
,  @  Inventor:  Daneels,  Guido  Franciscus  Theophilis 

Doolstraat57 
B-2452  Gierle(BE) 

@  Inventor:  De  Raeymaeker,  Marc  Carl 
Nikolaas  van  der  Vekenstraat  19 
B-2800Mechelen(BE) 

@  Inventor:  De  Mey,  Jan  Raoul 
Collegestraat  56,  bus  J. 
B-2300Turnhout(BE) 

@  Staining  method  for  proteins  and  nucleic  acids. 
Q>7)  a  process  for  staining  proteins  and  nucleic  acids  where- 
in  the  stain  is  a  suspension  of  colloidal  metal  particles  and 
the  proteins  and  nucleic  acids  -are  visualized  as  a  coloured 
signal  localized  at  the  binding  site  of  the  colloidal  metal 
particles  to  the  proteins  or  nucleic  acids  or  quantitatively 
determined  at  this  site  following  art-known  spectropho- 
tometric  procedures. 

CM 
<  

w  
CD 

m  
CD 

CL 
Ul 

Croydon  Printing  Company  Ltd. 

  A  process  for  staining  proteins  and  nucleic  acids  where- 
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signal  localized  at  the  binding  site  of  the  colloidal  metal 
particles  to  the  proteins  or  nucleic  acids  or  quantitatively 
determined  at  this  site  following  art-known  spectropho- 
tometric  procedures. 



Gel  e l e c t r o p h o r e t i c   t e c h n i q u e s   are  e s s e n t i a l   t oo l s   for  a n a l y s i n g  

complex  mix tu res   of  p o l y p e p t i d e s   and  nuc le ic   a c i d s .   Appl ied  to  p r o t e i n s  

the  high  r e s o l u t i o n   of  these  t echn iques   is  also  e x p l o i t e d   for  t e s t i n g  

the  binding  a c t i v i t i e s   of  a n t i b o d i e s ,   l e c t i n s   and  va r ious   p r o t e i n s   t o  

s p e c i f i c   components  of  such  mix tu res .   The  t e c h n i q u e s   for  such  a n  

a n a l y s i s   are  c a l l e d   ove r l ay   a s says .   They  are  p r e f e r e n t i a l l y   p e r f o r m e d  

on  e l e c t r o p h o r e t o g r a m s   t r a n s f e r r e d   to  immobi l iz ing  m a t r i c e s ,   such  a s  

n i t r o c e l l u l o s e   or  nylon  based  membranes  (p ro t e in   or  n u c l e i c   a c i d  

b l o t s ) .   For  p r o t e i n s ,   th i s   sub j ec t   has  r e c e n t l y   been  reviewed  by  

Gershoni  and  Palade  (Anal.  Biochem.  1983,  131,  1 - 1 5 ) .  

The  s e n s i t i v i t y   of  the  va r ious   over lay   t echn iques   is  very  high:   g o i n g  

down  to  sub-nanogram  amounts.  This  has  c rea ted   the  need  for  a  s e n s i t i v e  

s t a i n i n g  m e t h o d   in  order  to  make  a  d i r e c t   c o r r e l a t i o n  . b e t w e e n   the  t o t a l  

e l e c t r o p h o r e t o g r a m   and  d e t e c t e d   bands  in  the  over lay   p o s s i b l e .  

S ta ins   l ike   Coomassie  blue,   amido  black  a n d . f a s t   green  do  not  match  t h e  

high  s e n s i t i v i t y   of  over lay   t e c h n i q u e s .   For  nylon  based  membranes  such  

as  Zeta-probe  (Bio-Rad) ,   no  usefu l   s t a i n i n g   method  is  a v a i l a b l e .   The 

common  p r a c t i c e   is  to  s t a in   the  separa ted   p r o t e i n s   in  a  d u p l i c a t e  

p o l y a c r y l - a m i d e   gel  with  a  s i l v e r   s t a i n i n g   method.  However,  due  t o  

shr inkage   of  the  gel  in  the  b l o t t i n g   buffer   (Towbin  et  a l . ,   Proc.   N a t l .  



Acad.  Sci .   1979,  76,  4350-4354) ,   the  size  of  the  b lo t   and  the  gel  a f t e r  

s t a i n i n g   become  d i f f e r e n t ,   making  such  a  d i r e c t   c o r r e l a t i o n   d i f f i c u l t .  

More  i m p o r t a n t ,   i t   does  not  give  i n fo rma t ion   on  the  b l o t t i n g   a c c u r a c y  
and  e f f i c i e n c y   which  may  be  p r o b l e m a t i c   for  c e r t a i n   p r o t e i n s .   An  i n d i a n  

ink  s t a i n i n g   method  (Hancock  and  Tsang,  Anal.  Biochem.  1983,  133 ,  

1 5 7 - 1 6 2 )  h a s   been  d e s c r i b e d   which  only  works  on  n i t r o c e l l u l o s e   p r o t e i n  

b l o t s ,   but  is  more  s e n s i t i v e   than  the  other  p r o t e i n   s t a i n i n g   methods  and 

easy  to  use.   The  c o n t r a s t   p rov ided   by  t h i s   method,  however ,   is  not  v e r y  

s h a r p .  

The  methodology  of  a n a l y s i n g   complex  mix tu res   of  n u c l e i c   ac ids   i s  

de sc r i bed   e .g .   in  Devos  et  a l . ,   J.  Mol.  B i o l . ,   128,  595-619  ( 1 9 7 9 ) .  

S ta in ing   of  n u c l e i c   ac ids   is  u s u a l l y   c a r r i e d   out  with  e t h i d i u m   b romide .  

Although  the  s e n s i t i v i t y   of  the  method  is  high,  i t   has  the  s e r i o u s  

d i s a d v a n t a g e   of  not  being  a p p l i c a b l e   to  b l o t t i n g   membranes  or  t o  

dena tured   DNA. 

The  i n v e n t i o n   de sc r i bed   h e r e a f t e r   deals   with  s t a i n i n g   of  p r o t e i n s  

or  n u c l e i c   a c id s   in  or  on  a l l   kinds  of  s u p p o r t s .   Nuc l e i c   a c id s   in  t h i s  

r e spec t   compr ise   both  r i b o n u c l e i c   and  d e o x y r i b o n u c l e i c   a c i d s .   The 

e s s e n t i a l   p o i n t   of  the  p r e s e n t   i n v e n t i o n   is  the  use  as  the  s t a i n   o f  

c o l l o i d a l   metal   p a r t i c l e s   which  are  ad jus t ed   to  an  op t ima l   pH  and 

c o n c e n t r a t i o n .   The  term  ' c o l l o i d a l   metal  p a r t i c l e s *   used  in  t h i s  

connec t ion   is  meant  to  inc lude   d i s p e r s i o n s   of  p a r t i c l e s ,   p r e f e r a b l y  

so l s ,   c o n s i s t i n g   of  a  meta l ,   a  metal  compound  or  n u c l e i   coa ted   with  a 

metal  or  metal   compound.  c o l l o i d a l   metal  p a r t i c l e s   can  be  p r e p a r e d  

fo l lowing   a r t -known   p r o c e d u r e s ,   such  as  have  been   d e s c r i b e d   f o r  

p r e p a r i n g   s u s p e n s i o n s   or  so ls   of  gold,  s i l v e r ,   p l a t i n u m   or  i r o n  

hydroxide  and  the  l i k e .  

The  i n v e n t i o n   is  based  on  the  s u r p r i s i n g   f i n d i n g   t h a t   o p t i m a l l y  

c o n c e n t r a t e d   and  pH  a d j u s t e d   c o l l o i d a l   metal  p a r t i c l e s   bind  with  h i g h  

a f f i n i t y   and  s e l e c t i v i t y   to  the  p r o t e i n s   and  n u c l e i c   a c i d s   and  produce  a  

c l e a r l y   c o n t r a s t e d   colour   c h a r a c t e r i s t i c   for  the  c o l l o i d a l   m e t a l  

p a r t i c l e s   u s e d .  



O p t i o n a l l y ,   the  s i gna l   can  be  modif ied  and/or  enhanced  by  f u r t h e r  

phys i ca l   development   or  by  t r a n s f o r m i n g   the  c o l l o i d a l   meta l   i n t o   a  m e t a l  

ion  and  s u b s e q u e n t l y   by  a r t -known  colour   i d e n t i f i c a t i o n   methods  of  m e t a l  

ions.   For  example,   F e   ions  of  c o l l o i d a l   iron  hydroxide   form  s t a b l e  

complexes  with  for   example  f e r r o c y a n i d e   s a l t   complexes  ( e . g .  

K4Fe(CN)6,  p o t a s s i u m   f e r r o c y a n i d e ) ,   which  complexes  are  s t r o n g l y  

c o l o u r e d .  

Examples  of  c o l l o i d a l   metal  p a r t i c l e s   that   wil l   bind  to  p r o t e i n s  

and  nuc le ic   ac ids   when  a d j u s t e d   to  the  optimal  pH  and  c o n c e n t r a t i o n   a r e  

the  metals  p l a t i n u m ,   gold,  s i l v e r   and  copper,   and  the  metal   compounds ,  

s i l v e r   iodide ,   s i l v e r   bromide,   copper  hydrous  oxide,  iron  ox ide ,   i r o n  

hydroxide  or  hydrous   oxide,   aluminium  hydroxide  or  hydrous  o x i d e ,  

chromium  hydrox ide   or  hydrous  oxide ,   vanadium  oxide,   a r s e n i c   s u l f i d e ,  

manganese  h y d r o x i d e ,   lead  s u l f i d e ,   mercury  s u l f i d e ,   barium  s u l f a t e   and 

t i t an ium  d i o x i d e .   C o l l o i d s   c o n s i s t i n g   of  nuc l e i ,   coated  wi th   the  above  

mentioned  meta ls   or  metal  compounds  can  also  be  used.  The  p a r t i c l e s  

h a v e  s i m i l a r   p r o p e r t i e s   as  the  metal  or  metal  compound  c o l l o i d s ,   b u t  

s i ze ,   dens i ty   and  metal  c o n t e n t   can  be  op t imal ly   combined.  In  g e n e r a l ,  

al l   c o l l o i d a l   metal   p a r t i c l e s   or  metal  compounds  which  can  be  a d j u s t e d  

to  the  optimal  pH  for   p r o t e i n   b ind ing   and  which  give  a  c o l o u r   i n t e n s i t y  

in  p ro t e in   s t a i n i n g ,   s u f f i c i e n t   to  be  observed  by  the  naked  eye,   can  be 

used.  P r e f e r a b l y ,   the  s e n s i t i v i t i e s   are  equal  or  s u p e r i o r   to  t h o s e  

obta ined  with  the  meta l s   gold  and  s i l v e r .  

For  the  s t a i n i n g   of  p r o t e i n s ,   p a r t i c u l a r l y   good  r e s u l t s   a r e  

obta ined   with  gold ,   s i l v e r   and  iron  hydroxide   c o l l o i d s .   C o l l o i d a l   i r o n  

hydroxide  has  proven  p a r t i c u l a r l y   u se fu l   for  the  s t a i n i n g   of  n u c l e i c  

a c i d s .  

The  p a r t i c l e   s ize   of  the  c o l l o i d a l   metal  or  metal  compound 

p a r t i c l e s   is  p r e f e r a b l y   comprised  between  1  to  100  nm. 

The  a p p r o p r i a t e   pH  is  p r e f e r a b l y   the  pH  at  which  b ind ing   is  maximal  and 

the  most  i n t ense   co lour   is  o b t a i n e d .   Maximal  binding  occu r s   when  t h e  



p r o t e i n s   and  the  c o l l o i d a l   metal  p a r t i c l e s   have  o p p o s i t e   net  c h a r g e s .  

This  is  d i f f e r e n t   from  the  known  methods  for  making  p r o t e i n - c o a t e d  

c o l l o i d a l   meta l   p a r t i c l e s   used  as  probes  in  h i s t o c h e m i s t r y   and 

b i o c h e m i s t r y .   In  t h i s   f i e l d ,   the  p r o t e i n s   are  adsorbed   onto  t h e  

c o l l o i d a l   meta l   p a r t i c l e s   at  a  pH  c lose   to  the  p I  o f   the  p r o t e i n .  

Adjustment   of  the  pH  can  be  ach ieved   in  any  of  the  usual   ways.  A d d i t i o n  

o f  a   s tock   b u f f e r   to  about  a  10  mM  f i n a l   c o n c e n t r a t i o n   to  the  c o l l o i d a l  

metal  p a r t i c l e s   is  a  p r e f e r r e d   me thod .  

The  a p p r o p r i a t e   c o n c e n t r a t i o n   of  the  c o l l o i d a l   metal   p a r t i c l e s   i s  

one  t h a t   g i v e s   f u l l   co lour   s a t u r a t i o n   wi th in   p r a c t i c a l   i n c u b a t i o n   t i m e s  

(from  a  few  minu te s   to  one  day).   I t   can  be  o b t a i n e d   by  choosing  t h e  

proper  c o n c e n t r a t i o n s   of  the  raw  m a t e r i a l s   with  which  they  are  p r e p a r e d ,  

or  by  d i l u t i o n   or  c o n c e n t r a t i o n   by  ar t -known  m e t h o d s .  

The  s u p p o r t s   in  or  on  which  p r o t e i n s   and  n u c l e i c   ac ids   can  be  

s t a i n e d   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   can  be  of  va r ious   kinds  and 

compr ise ,   for   example,   ge l s ,   in  p a r t i c u l a r   those  employed  for  p r o t e i n  

and  n u c l e i c   ac id   s e p a r a t i o n   by  chromatography ,   e l e c t r o p h o r e s i s   or  u sed  

as  s u p p o r t s   fo r   any  of  the  a r t -known  immunochemical  p r o c e d u r e s   such  a s  

i m m u n o d i f f u s i o n ,   r a d i o i m m u n o d i f f u s i o n ,   i m m u n o - e l e c t r o p h o r e s i s ,   c o u n t e r  

i m m u n o - e l e c t r o p h o r e s i s   or  immunof ixa t ion ;   and  i m m o b i l i z i n g   ma t r i ce s   u sed  

as  s u p p o r t s   for   ove r l ay   t e c h n i q u e s   for  p r o t e i n s   or  n u c l e i c   acids   ( e . g .  

h y b r i d i z a t i o n   t e c h n i q u e s ) .  

Examples   of  such  ge l s   on  which  the  s t a i n i n g   method  accord ing   t o  

the  i n v e n t i o n   can  be  s u c c e s s f u l l y   app l i ed   i n c l u d e ,   for  example,  a g a r o s e  

and  c e l l u l o s e   a c e t a t e   g e l s .  

I m m o b i l i z i n g   m a t r i c e s   a r e  mean t   to  inc lude   any  kind  of  p o l y m e r i c  

m a t e r i a l   on  which  p r o t e i n s   or  n u c l e i c   ac ids   can  be  immobi l i zed ,   i n  

p a r t i c u l a r   m a t e r i a l s   onto  which  p r o t e i n s   or  n u c l e i c   ac ids   a r e  

t r a n s f e r r e d   from  s e p a r a t i o n   media  by  a  p rocess   g e n e r a l l y   r e f e r r e d   to  a s  

b l o t t i n g .   Examples  of  such  m a t r i c e s   are  n i t r o c e l l u l o s e ,   nylon  (e .g .   a 

p o l y h e x a m e t h y l e n e   a d i p a m i n e ) ,   c e l l u l o s e   a c e t a t e   and  v a r i o u s   m o d i f i e d  

c e l l u l o s e   a c e t a t e s   l i k e   d i a z o b e n z y l o x y m e t h y l   (DBM)-  or  d i a z o p h e n y l -  



t h i o e t h e r   (DPT)-modi f ied   c e l l u l o s e   p a p e r .  

It  is  a d v a n t a g e o u s   to  wash  the  suppor t s   before   the  s t a i n i n g  

p rocedure .   This  washing  is  in tended  to  remove  adheren t   i n t e r f e r i n g  

m a t e r i a l s   l i k e ,   for  example,  po lyac ry lamide   gel  p a r t i c l e s   and  r e s i d u a l  

SDS  (sodium  dodecyl   s u l f a t e ) ,   if  SDS-PAGE  ( p o l y a c r y l a m i d e   g e l  

e l e c t r o p h o r e s i s )   has  been  used  f i r s t ) .  

It   is  also  found  to  be  advantageous   to  add  a  d e t e r g e n t   to  the  c o l l o i d a l  

metal  p a r t i c l e s ,   be fo re   or  a f t e r   a d j u s t i n g   the  pH.  Al though  Tween  20 

(po lyoxye thy l ene   s o r b i t a n   m o n o l a u r e a t e ) ,   Tr i ton-X-100  and  m y r i s t y l t r i -  

methyl-ammonium  bromide  are  mentioned  here  as  examples,   s i m i l a r   s u r f a c e  

ac t ive   s u b s t a n c e s   can  be  used  as  w e l l .  

In  comparison  with  e x i s t i n g   s t a i n i n g   t e c h n i q u e s ,   the  method 

according  to  the  i n v e n t i o n   is  d i s t i n c t l y   s u p e r i o r ,   p a r t i c u l a r l y   in  v iew 

of  i t s   s u b s t a n t i a l l y   higher   s e n s i t i v i t y .   As  a  r e s u l t ,   i t   can  be  used  t o  

de t ec t   p r o t e i n s   and  nuc l e i c   acids   in  extremely  low  amounts ,   which  i n  

many  c i r c u m s t a n c e s   is  a  highly  d e s i r a b l e  o b j e c t i v e .   As  ment ioned  a b o v e ,  

such  high  s e n s i t i v i t y   is  e s s e n t i a l   for  the  adequate  s t a i n i n g   of  p r o t e i n  

b lo t s ,   but  it  has  g r e a t   advantages   too  i n  c o n n e c t i o n   with  the  d i r e c t  

v i s u a l i z a t i o n   of  p r o t e i n s   or  nuc l e i c   acids  in  or  on  o the r   s u p p o r t s ,   i n  

p a r t i c u l a r   ge l s ,   l i k e ,   for  example,  s e p a r a t i o n   media,  e . g .  

e l e c t r o p h o r e t o g r a m s .   In  th is   r e s p e c t ,   the  i nven t ion   m a k e s  i t   p o s s i b l e   t o  

v i s u a l i s e   p r o t e i n   s e p a r a t i o n s   of  samples  with  a  very  low  p r o t e i n  

con ten t ,   for  example,   c e r t a i n   b i o l o g i c a l   l i q u i d s   l ike   c e r e b r o s p i n a l  

f l u id   (CSF).  CSF  c o n t a i n   only  very  low  amounts  of   p r o t e i n   and  with  t h e  

usual  a n a l y t i c a l   and  d i a g n o s t i c   t e c h n i q u e s ,   c o n c e n t r a t i o n   of  the  f l u i d ,  

p r io r   to  c a r r y i n g   out  e l e c t r o p h o r e t i c   p ro t e in   a n a l y s i s   is  needed  and 

hence,  r e l a t i v e l y   l a r g e   samples  a r e . n e e d e d .   A  l imi ted   amount  only  can  be 

obta ined   from  one  punc tu re   and  because  of  the  trauma  to  the  p a t i e n t   and 

because  of  the  e f f o r t   and  s k i l l   demanded  in  ob t a in ing   good  s p e c i m e n s ,  

every  measure  which  wi l l   reduce  the  volume  needed  fo r   a n a l y s i s   i s  

cons idered   a  d e f i n i t e   advantage,   making  the  t e chn ique ,   more  than  a t  

p r e s e n t ,   a v a i l a b l e   for  rou t ing   a n a l y s i s   and  d i a g n o s i s .  



The  f a c t   tha t   p r e l i m i n a r y   c o n c e n t r a t i o n   or  e n r i c h m e n t - o f   t h e  

sample  can  be  avoided  is  an  impor tan t   improvement ,   f a c i l i t a t i n g  

d i a g n o s t i c   methods  a p p l i e d   to  va r ious   f l u i d s   l i k e   serum  and  u r i n e .  

C o n s e q u e n t l y ,   the  method  according   to  the  i n v e n t i o n   p rov ides   a 

c o n s i d e r a b l e   improvement  of  the  e x i s t i n g   t e c h n i q u e s   for  the  d i a g n o s i s  

of  a  number  of  m e t a b o l i c   d i s t u r b a n c e s   and  d i s e a s e s ,   such  as,  f o r  

example ,   the  d e t e c t i o n   of  bra in   tumors  by  CSF  a n a l y s i s   and  myeloma  by 

a n a l y s i n g   u r ine   samples .   Hence,  the  p re sen t   i n v e n t i o n   is  one  with  g r e a t  

u t i l i t y ,   p a r t i c u l a r l y   in  c l i n i c a l   d i a g n o s i s .  

The  r e s u l t   of  the  s t a i n i n g   o p e r a t i o n   can  be  used  for  b o t h  

q u a l i t a t i v e   and  q u a n t i t a t i v e   e v a l u a t i o n s .   Q u a l i t a t i v e   e v a l u l a t i o n   i s  

u s u a l l y   done  by  mere  v i s u a l   i n s p e c t i o n .   Q u a n t i t a t i v e   measurements  a r e  

u s u a l l y   c a r r i e d   out  with  s p e c t r o s c o p i c   t e c h n i q u e s   such  as  r e f l e c t o m e t r y  

or  d e n s i t o m e t r y .   When  us ing  a  d e n s i t o m e t r i c   t e c h n i q u e ,   i t   may  be 

n e c e s s a r y   to  make  the  suppor t   f i r s t   t r a n s p a r a n t   by  t r e a t m e n t   w i t h  

a p p r o p r i a t e   s o l v e n t s ,   e .g .   x y l e n e .  

The  p r o c e s s   of  the  i n v e n t i o n   comprises   the  s u b s e q u e n t   s teps   o f :  

i .   c o n t a c t i n g   a  p r o p e r l y   washed  and,  if  d e s i r e d ,   s u b s e q u e n t l y  

a i r - d r i e d   p r o t e i n   or  n u c l e i c   acid  suppo r t   for   a  given  time,  with  a 

s u f f i c i e n t   c o n c e n t r a t i o n   of  c o l l o i d a l   meta l   p a r t i c l e s   suspended  i n  

a  medium,  p r e f e r a b l y   c o n t a i n i n g   a  d e t e r g e n t   t h a t   does  n o t  

i n t e r f e r e   with  p r o t e i n   or  nuc le i c   a c i d  b i n d i n g ,   l ike   for  example 

0.1  %  of  the  n o n - i o n i c   d e t e r g e n t   Tween  20,  and  a p p r o p r i a t e l y   pH 

a d j u s t e d .   O p t i o n a l l y ,   the  o p t i c a l   s i g n a l   formed  by  the  c o l l o i d a l  

meta l   p a r t i c l e s   may  be  enhanced  by  a p p r o p r i a t e   enhancers   such  a s  

p h y s i c a l   d e v e l o p e r s   or  modif ied  and/or   enhanced  by  a r t - k n o w n  

c o l o u r   i d e n t i f i c a t i o n   methods  of  metal  ions   a f t e r   t r a n s f o r m a t i o n  

of  the  c o l l o i d a l   metal   in to   a  meta l   i o n ;  

i i .   r e ad ing   the  co loured   s i g n a l   produced  by  and  c h a r a c t e r i s t i c   for  t h e  

bound  c o l l o i d a l   metal   p a r t i c l e s   with  the  naked  eye  or  u s i n g  

a r t - k n o w n   s p e c t r o p h o t o m e t r i c   t e c h n i q u e s   such  as  d e n s i t o m e t r y .  



The  i n v e n t i o n   is  f u r t he r   i l l u s t r a t e d   by  the  f o l l o w i n g   examples  

which  are  not  i n t e n d e d   to  l i m i t   the  scope  t h e r e o f .  

Example  I 

S t a i n i n g   of  a  c o n c e n t r a t i o n   range  of  p r o t e i n a c e o u s   m o l e c u l a r   w e i g h t  

markers  t r a n s f e r r e d   to  a  n i t r o c e l l u l o s e   membrane  with  c o l l o i d a l   g o l d  

p a r t i c l e s .  

M a t e r i a l s   used  inc lude   a  c o l l o i d a l   gold  sol ,   compr i s ing   p a r t i c l e s   of  20 

nm  mean  d i ame te r   ( s u p p l i e r :   J anssen   Life  Sciences  P r o d u c t s ,   B e e r s e ,  

Belgium)  and  n i t r o c e l l u l o s e   s h e e t s   (0.45  p) ,   Tween  20  and  High  M o l e c u l a r  

Weight  (HMW)  ( a l l   from  Bio-Rad).   The  HMW  s t anda rds   c o n s i s t e d   of  myosin  

(200  kDa),  B - g a l a c t o s i d a s e   (116,5  kDa),  phosphory lase   B  (92.5  kDa) ,  

bovine  serum  albumin  (66.2  kDa)  and  ovalbumin  (43  kDa),  a l l   a t  

app rox ima te ly   2  mg/ml  as  i n d i c a t e d   by  the  m a n u f a c t u r e r .  

The  HMW  s t a n d a r d s   were  s e p a r a t e d   by  SDS-gel  e l e c t r o p h o r e s i s   accord ing   t o  

Laemmli,  O.K.  (Nature   1970,  227,  680-685)  on  two  7.5 %  p o l y a c r y l a m i d e  

ge ls .   A  s e r i a l   d i l u t i o n   (1000-3 .5   ng  per  p o l y p e p t i d e   band)  was  l o a d e d  

in  9  wells  of  each  10  w e l l - g e l .   The  las t   well  was  loaded  with  sample  

buffer   a l o n e .  

After  the  run,  one  gel  was  s t a i n e d   with  a  s i l v e r   s t a i n i n g   method 

(Morissey,   J . H . ,   Anal.  Biochem.  1981,  117 ,  307 -310 ) .   The  s e p a r a t e d  

p r o t e i n s   of  the  o ther   gel  were  e l e c t r o t r a n s f e r r e d   to  n i t r o c e l l u l o s e  

paper  (Towbin  et  a l . ,   Proc.  Nat l .   Acad.  Sci.  1979,  76,  4 3 5 0 - 4 3 5 4 ) .  

The  b lot   was  washed  in  a  la rge   P e t r i - d i s h   with  phospha te   b u f f e r e d   s a l i n e  

(PBS)  (wi thou t   Ca2+  and  Mg2+,  pH  7.2)  con ta in ing   0.3  %  v/v  Tween  20 ,  

(PBS-TW)  at  37°  C  and  3  x  15  minutes   with  PBS-TW  at  room  t e m p e r a t u r e .  

The  washed  b lo t   was  r insed   in  excess   w a t e r .  

The  r insed   b l o t   was  incubated   with  c o l l o i d a l   gold  s t a i n ,   p r e p a r e d   a s  

fol lows  (for  100  m l ) :  

-  75  ml  c o l l o i d a l   gold  (G20,  J anssen   Life  Sciences  P r o d u c t s )  

-  5 ml 2  % Tween  20  in  H20 

-  20  ml  50  mM  c i t r a t e   buf fe r   pH  3 . 0 .  

The  Tween  20  and  gold  sol  was  well  mixed  before  a d d i t i o n   of  the   b u f f e r .  



I n c u b a t i o n   l a s t e d   four  h o u r s .  

The  s t a i n e d   b l o t   was  r i n s e d   in  H20  and  a i r - d r i e d .  

P r o t e i n   bands  d e t e c t e d   by  the  c o l l o i d a l   gold  s t a i n   appeared  as  r e d  

bands.   The  s e n s i t i v i t y   of  the  s t a i n i n g   was  in  the  same  range  as  s i l v e r  

s t a i n i n g   of  p r o t e i n s   in  p o l y a c r y l a m i d e   gel .   The  d e t e c t i o n   l i m i t   was 

e s t i m a t e d   a t   +  250  pg/mm2. 

E x a m p l e  I I  

S t a i n i n g   of  m o l e c u l a r   weight  markers  t r a n f e r r e d   to  a  n i t r o c e l l u l o s e  

membrane  wi th   c o l l o i d a l   s i l v e r   p a r t i c l e s .  

C o l l o i d a l   s i l v e r   p a r t i c l e s   were  p repared   accord ing   to  Frens  and  Overbeek 

(Koll .   Z.  u.  Z.  Polym.  1969,  223,  922-929) .   HMW  s t a n d a r d s ,   n i t r o -  

c e l l u l o s e   s h e e t s   and  Tween  20  were  the  same  as  in  example  I.  12.5  µl  o f  

HMW  s t a n d a r d   s t o c k  s o l u t i o n   were  d i l u t e d   in  500 µl   sample  b u f f e r ,   b o i l e d  

for  3  minu tes   and  run  in  a  one-wel l   7.5 %  p o l y a c r y l a m i d e   gel  as  i n  

example  I .  

E l e c t r o t r a n s f e r ,   washing  with  PBS-TW  and  r i n s i n g   with  water  was  done  a s  

in  example  I.  One  s t r i p ,   4  mm  wide,  was  i ncuba ted   with  the  gold  s t a i n .  

A  second  s t r i p   was  i n c u b a t e d   with  c o l l o i d a l   s i l v e r   s t a i n ,   p repa red   a s  

f o l l o w s :  

-  75  ml  c o l l o i d a l   s i l v e r   (A394  nm =  1.0  when  d i l u t e d   one  hundred  t i m e s  

in  w a t e r )  

-  5  ml 2 %  Tween  20  in  H20 

-  20  ml  50  mM  c i t r a t e   b u f f e r ,   pH  3 . 0 .  

The  Tween 20  and  s i l v e r   sol  are  well  mixed  before   a d d i t i o n   of  the  b u f f e r .  

I n c u b a t i o n   l a s t e d   four  hours .   The  s t a i n e d   b lo t   was  r in sed   in  H20  and 

a i r - d r i e d .  

P r o t e i n   bands  d e t e c t e d   by  the  c o l l o i d a l   s i l v e r   s t a i n   appeared  as  brown 

to  black  bands .   The  s e n s i t i v i t y   was  in  the  same  range  as  the  c o l l o i d a l  

gold  s t a i n .  



Example  I I I  

S ta in ing   o f  m o l e c u l a r   weight  markers   t r a n s f e r r e d   to  a  Z e t a - p r o b e  

membrane  with  c o l l o i d a l   iron  hydrox ide   p a r t i c l e s .  

C o l l o i d a l   i ron  hydroxide   was  made  a c c o r d i n g   to  Bradburry   et  a l . ,  

Histochem.  J.  1970,  2,  263-274.  200  ml  0.5 M  Fecl3  (6H20)  were  

dropwise  added  to  800  ml  bo i l i ng   w a t e r ,   under  con t inuous   s t i r r i n g .   The 

c o l l o i d   was  d i a l y s e d   aga in s t   s e v e r a l   changes  of  H20. 
HMW  s t a n d a r d s   were  the  same  as  in  example  I.  As  a  b l o t t i n g   medium  was 

used  Z e t a - p r o b e ,   a  nylon  matrix  (a  p o l y h e x a m e t h y l e n e   adipamine,   r e f e r r e d  

to  as  Nylon  66)  modif ied   by  the  i n t r o d u c t i o n   of  numerous  t e r t i a r y   amino 

groups  during  manufac tur ing   ( s u p p l i e r :   Bio-Rad) .   Tr i ton-X-100  ( o c t y l  

phenoxy  po lye thoxy   e thanol )   ( s u p p l i e r :   Sigma).  12.5  µl  of  HMW  s t a n d a r d  

stock  s o l u t i o n   were  d i l u t e d   in  500  µ l  s a m p l e   b u f f e r ,   boi led  for  3 

minutes  and  run  in  a  one-well   7.5  %  p o l y a c r y l a m i d e   gel  as  in  example  

II .   E l e c t r o t r a n s f e r   to  -Zeta-probe  was  done  as  d e s c r i b e d   by  Gershoni   and  

Palade ,   Anal.  Biochem.  1982,  124,  3 9 6 - 4 0 5 .  

No  methanol  was  used  in  the  t r a n s f e r   b u f f e r .  

The  blot   was  washed  in  H20  supplemented   with  1 %  T r i t o n - X - 1 0 0 ,  

ove rn igh t   at  room  t e m p e r a t u r e .  

A  4  mm  wide  v e r t i c a l   s t r i p   of  the  b l o t   was  then  r insed   in  0.2  % 

T r i t o n - X - 1 0 0  a n d   f u r t h e r   incuba ted   with  5  ml  of  the  c o l l o i d a l   i r o n  

hydroxide  s t a i n   p repa red   as  f o l l o w s :  

-  200  µl  d i a l y s e d   c o l l o i d a l   iron  h y d r o x i d e  

-  100  µl  of  10  %  Tr i ton-X-100  in  H20  ( v / v )  

-  4.7  ml  0.2  M  sodium  c a c o d y l a t e / H C l   b u f f e r ,   pH  7  ( s u p p l i e r :   BDH 

Chemicals  Ltd.   Poole  E n g l a n d ) .  

Incuba t ion   l a s t e d   four  h o u r s .  

The  s t a ined   b lo t   was  r insed  in  H20  and  a i r - d r i e d .  

P r o t e i n   bands  d e t e c t e d   by  the  c o l l o i d a l   i ron  hydroxide   s t a in   appeared  a s  



brown  bands  with  a  very  l i g h t   b a c k g r o u n d .  

EXAMPLE  IV 

S t a i n i n g   of  molecular   weight  markers   t r a n s f e r r e d   to  a  Z e t a - p r o b e  

membrane  with  c o l l o i d   gold  p a r t i c l e s .  

The  s t a i n i n g   was  c a r r i e d   out  wi th   c o l l o i d a l   gold  p a r t i c l e s ,   20  nm  mean 

d iamete r   ( s u p p l i e r :   Janssen   L i fe   Sc i ences   P r o d u c t s ,   Beerse ,   Belgium.  

HMW  s t a n d a r d s   and  Ze ta -probe   were  the  same  as  in  example  I I I .  

The  p r o t e i n   b lo t   used  for  s t a i n i n g   was  s i m i l a r l y   made  as  in  example 

I I I .   The  b lo t   was  washed  with  e x c e s s   water ,   ove rn igh t   at  room 

t e m p e r a t u r e .  

A  4  mm  wide  v e r t i c a l   s t r i p   of  the  b l o t   was  f u r t h e r   i ncuba ted   with  5  ml 

of  the  c o l l o i d a l  g o l d   s t a i n   p r e p a r e d   as  f o l l o w s :  

-  4  ml  c o l l o i d a l   gold  s o l  

-  1  ml  10  %  w/v  m y r i s t y l t r i m e t h y l - a m m o n i u m   bromide-   The  pH  ad jus ted   t o  

8  with  NaOB. 

I n c u b a t i o n   l a s t e d   four  h o u r s .  

The  s t a i n e d   b lo t   was  r i n s e d   in  H2O  and  a i r - d r i e d .   P r o t e i n   bands 

d e t e c t e d   by  t h i s   c o l l o i d a l   gold  s t a i n   appeared  as  red  bands  with  a  l i g h t  

pink  background.   The  s e n s i t i v i t y   was  comparable  with  tha t   obta ined  w i t h  

the  c o l l o i d a l   iron  hydroxide   on  Z e t a - p r o b e   (example  I I I ) .  

EXAMPLE  V 

S t a i n i n g   of  molecular   weight  marke r s   t r a n s f e r r e d   to  a  Z e t a - p r o b e  

membrane  with  c o l l o i d a l   iron  h y d r o x i d e   p a r t i c l e s ,   fo l lowed  by  h y d r o l y s i s  

with  h y d r o c h l o r i c   acid  and  t r a n s f o r m a t i o n   to  t u r n b u l l ' s   blue  w i t h  

po tas s ium  f e r r o c y a n i d e   [K4Fe(CH)6] .  



A  s t r i p   s t a ined   with  c o l l o i d a l   i ron  hydroxide  was  p repared   a cco rd ing   t o  

example  I I I .  

After  the  complet ion  of  the  i n c u b a t i o n   in  c o l l o i d a l   iron  hyd rox ide ,   t h e  

s t r i p   was  washed  s eve ra l   t imes  in  water ,   and  then  t r e a t e d   with  t h e  

fo l lowing  s o l u t i o n   fo r  +   60  s e c o n d s :  

-  2  pa r t s   HC1  1N, 

-  2  pa r t s   wa te r  

-  1  pa r t   K4Fe(CN)6,  0.05  M 

This  s o l u t i o n   was  made  f r e s h l y .  

The  s t r i p   was  r in sed   with  s e v e r a l   changes  of  water  and  a i r - d r i e d .  

P ro t e in   bands  de t ec t ed   by  t h i s   s t a i n i n g   p rocedure   appeared  as  blue  b a n d s  

aga ins t   a  l i g h t   blue  background .   The  v i s i b i l i t y   of  the  p r o t e i n s   was 
enhanced  c o n s i d e r a b l y   and  the  s e n s i t i v i t y   now  approached  tha t   o b t a i n e d  

with  c o l l o i d a l   gold  s t a in   on  n i t r o c e l l u l o s e   b l o t s .  

EXAMPLE  VI 

S ta in ing   of  p r o t e i n s   in  c e l l u l o s e   a c e t a t e   membranes 

A.  E l e c t r o p h o r e t i c   s e p a r a t i o n  

Ce l loge l   was  s to red   in  30%  methanol   and  dr ied  before   use.  The  membrane 

was  washed  in  e l e c t r o p h o r e s i s   b u f f e r   c o n t a i n i n g   1.34  g  Veronal   and 

10.3  g  Veronal -sodium  per  1000  ml  (pH  8 . 6 ) .  

The  samples,   c o n s i s t i n g   of  3  µl  ho r se - se rum,   d i l u t e d   w i t h  

e l e c t r o p h o r e s i s   buf fer   to  r e s p e c t i v e l y   1/2,  1/10  and  1/100,  were  l o a d e d  

with  a  m i c r o a p p l i c a t o r .   E l e c t r o p h o r e t i c   s e p a r a t i o n   was  performed  at  200V 

(maximum  i n t e n s i t y   10  mA)  for  35  m i n u t e s .  

B.  S t a i n i n g  

Dupl ica te   gels  were  s t a i n e d   with  e i t h e r   amido  black  or  a  c o l l o i d a l   g o l d  

s t a in   i d e n t i c a l   with  the  one  d e s c r i b e d   in  Example  I .  



1.  Amido  black  s t a i n i n g .  

The  membranes  were  s t a i n e d   by  c o n t a c t i n g   them  for  30  minutes  w i t h  

a  s o l u t i o n   c o n t a i n i n g   0.5  g  amido  black  in  50  ml  methanol ,   40  ml 

water  and  10  ml  of  a c e t i c   a c i d .   D e - s t a i n i n g   was  c a r r i e d   out  d u r i n g  

15  minutes   with  a  mixture   of  500  ml  methanol ,   100  ml  a c e t i c   a c i d  

and  400  ml  w a t e r .  

2.  Gold  s t a i n i n g  

The  membrane  was  f ixed   for  30  minutes   in  a  mix ture   of  50  ml 

methanol ,   40  ml  water  and  10  ml  a c e t i c   ac id .   I t   was  then  washed 

th ree   t imes  for  15  minutes   with  phosphate   bu f f e red   s a l i n e   (pH  7 . 6 ) .  

S u b s e q u e n t l y ,   the  membrane  was  i n c u b a t e d   in  the  gold  s t a i n   u n t i l  

s t a i n i n g   was  s a t u r a t e d   (about   2  h o u r s ) .  

C.  R e s u l t s  

With  amido  b lack ,   the  usual   p r o t e i n   s t a i n i n g   p a t t e r n   was  o b t a i n e d .  

In  the  1/100  d i l u t e d   sample,  only  a  weak  s t a i n i n g   of  the  albumin  band 

could  be  d e t e c t e d .  

With  the  gold  s t a i n ,   the  p r o t e i n   bands  s t a i n e d   p u r p l i s h - r e d .   I n  

the  1/100  d i l u t e d   sample,   a l l   the  major  p r o t e i n   bands  were  s t i l l   v i s i b l e .  

Af te r   d ry ing ,   the  bands  tu rned   b l a c k .  

It  appeared  t h a t   the  gold  s t a i n   is  at  l e a s t   50  times  more 

s e n s i t i v e   than  amido  b l a c k .  

EXAMPLE  V I I  

Procedure   for  d e t e c t i o n   of  n u c l e i c   a c i d s   f ixed   on  nylon  based  membranes ,  

-using  s t a i n i n g   with  a  c o l l o i d a l   i ron  hydroxide   s t a i n .  

Nucle ic   a c id s   (DNA  or  RNA)  are  a p p l i e d   d i r e c t l y   onto  the  f i l t e r s   ( d o t  

b lo t )   or  can  be  t r a n s f e r r e d   a f t e r   s e p a r a t i o n   in  agarose   ge l s ,   using  t h e  

Southern   (Southern   E.,  Methods  in  Enzymology,  68  (1979)  p.152)  o r  

Nor thern   (Thomas,  P . S . ,   Proc.   Na t l .   Acad.  Sci .   USA  77,  (1980)  p . 5 2 0 )  

t e c h n i q u e .  

S u b s e q u e n t l y ,   the  n u c l e i c   ac ids   are  f i xed   on  the  membranes  by  h e a t i n g  

them  at  80°C  for  one  hour.  If  the  "dot  b l o t .   t e chn ique   for  DNA  is  u s e d ,  



the  f i l t e r   may be  t r e a t e d   with  d e n a t u r i n g   s o l u t i o n   (0.5M  NaOH,  1.5M 

NaCl)  and  n e u t r a l i s e d   with  3M  NaAc  s o l u t i o n   (pH  5,8)  p r io r   to  t h e  

hea t ing   s t e p .  

For  t r a n s f e r s   from  gels   (Southern  or  Nor thern)   d e n a t u r a t i o n   of  t h e  

n u c l e i c   ac ids   is  r o u t i n e l y   done  in  the  ge l ,   p r io r   t o  t r a n s f e r .  

Af ter   the  hea t ing   s tep ,   the  membranes  are  b r i e f l y   washed  with  0.2%  Tween 

20  (two  t imes;   5  minutes)   and  s u b s e q u e n t l y   incuba ted   with  g e n t l e  

a g i t a t i o n   in  a  suspens ion   of  c o l l o i d a l   i ron  hydroxide  (1  hour) .   T h i s  

suspens ion   was  prepared  exac t l y   as  d e s c r i b e d   for  the  s t a i n i n g   o f  

p r o t e i n s .   The  nuc le i c   acids  are  d e t e c t e d   as  ye l low-brownish   spots  o r  

bands,  depending  on  the  way  o f  a p p l i c a t i o n   on  the  membrane. 

Subsequen t ly ,   the  f i l t e r s   are  washed  e x t e n s i v e l y   with  water  ( t h r e e  

t imes ,   5  minutes)   and  d r ied .   I t   is  a l so   p o s s i b l e   to  use  the  r e a c t i o n  

with  K4Fe(CN)6  as  desc r ibed   for  p r o t e i n   s t a i n i n g .   In  tha t   case,  t h e  

ye l low-b rowni sh   colour  is  conver ted   in to   b r igh t   blue,   r e s u l t i n g   i n  

higher   s e n s i t i v i t y .  

It  has  been  shown  that   t h i s   s t a i n i n g   of  nuc l e i c   ac ids ,   p r io r   t o  

h y b r i d i z a t i o n   does  not  i n t e r f e r e   with  the  subsequent   h y b r i d i z a t i o n  

r e s u l t s .  



1.  A  p r o c e s s   for  s t a i n i n g   p r o t e i n s   and  nuc l e i c   acids   in  or  on  s o l i d  

s u p p o r t s ,   c h a r a c t e r i z e d   in  that   the  s t a i n   appl ied   is  a  suspens ion   o f  

c o l l o i d a l   meta l   p a r t i c l e s   and  the  p r o t e i n s   and  n u c l e i c   acids  a r e  

v i s u a l i z e d   as  a  coloured  s igna l   l o c a l i z e d   at  the  b ind ing   s i t e   of  t h e  

c o l l o i d a l   metal   p a r t i c l e s  t o   the  p r o t e i n s   and  nuc le i c   ac ids   o r  

q u a n t i t a t i v e l y   determined  at  t h i s   s i t e   f o l l owing   a r t - k n o w n  

s p e c t r o p h o t o m e t r i c   p r o c e d u r e s .  

2.  A  p r o c e s s   accord ing   to  c l a im  1   where in   the  c o l l o i d a l   metal  p a r t i c l e s  

c o n s i s t   of  gold ,   s i l v e r   or  p l a t i n u m   or  of  gold,  s i l v e r ,   p la t inum,   i r o n  

or  copper  compounds .  

3.  A  p roces s   accord ing   to  claim  1  whe re in   the  c o l l o i d a l   metal  p a r t i c l e s  

c o n s i s t   of  gold  or  s i l v e r   metal  or  i r o n   hydroxide  and  have  a  p a r t i c l e  

s ize   comprised  between  1 and  100  nm. 

4.  A  p roces s   a cco rd ing   to  claim  1  where in   the  f i n a l   d e t e c t i o n   of  t h e  

c o l l o i d a l   meta l   p a r t i c l e s   is  e f f e c t e d   a f t e r   applying  a  p h y s i c a l  

deve lope r   which  is  a  s i l v e r -   or  g o l d - c o n t a i n i n g   compound. 

5.  A  p roce s s   according   to  claim  1  whe re in   the  s t a in   is  a  c o l l o i d a l  

suspens ion   of  iron  hydroxide  and  the  f i n a l   d e t e c t i o n   of  the  s t a i n   i s  

e f f e c t e d   a f t e r   hydro lyz ing   the  i r on   hydrox ide   with  an  acid  and  t r e a t i n g  

the  thus  formed  f e r r i c   s a l t   with  a  f e r r o c y a n i d e   s a l t   complex .  

6.  A  p rocess   for  s t a i n i n g   p r o t e i n s   and  n u c l e i c   acids   f ixed  on  an  

immobi l i z ing   m a t r i x ,   c h a r a c t e r i z e d   in  t h a t   the  s t a i n   is  a  sol  o f  

c o l l o i d a l   metal   p a r t i c l e s   and  the  p r o t e i n s   and  n u c l e i c   acids  a r e  

v i s u a l i z e d   as  a  co loured   s igna l   l o c a l i z e d   at  the  b inding  s i t e   of  t h e  

c o l l o i d a l   metal   p a r t i c l e s   to  the  p r o t e i n s   and  nuc le i c   ac ids   o r  

q u a n t i t a t i v e l y   de termined  at  t h i s   s i t e   f o l l owing   a r t - k n o w n  

s p e c t r o p h o t o m e t r i c   p r o c e d u r e s .  



7.  A  p roces s   acco rd ing   to  claim  6,  compr i s ing   the  s teps   o f :  

i)  immobi l i z ing   the  p r o t e i n s   and  n u c l e i c   ac ids   to  be   d e t e c t e d   on  an 

immobi l i z ing   m a t r i x ;  

i i )   o p t i o n a l l y   wash ing  the   immobi l i z ing   m a t r i x ;  

i i i )   c o n t a c t i n g   the  immobi l iz ing  ma t r ix   with  a  s t a i n i n g   s u s p e n s i o n  

compr is ing   a  sol  of  metal  p a r t i c l e s ,   in  an  a p p r o p r i a t e   medium 

a d j u s t e d   to  a n  a p p r o p r i a t e   c o n c e n t r a t i o n   and  pH,  and  s u p p l e m e n t e d  
with  at  l e a s t   one  subs tance   which  promotes  the  s p e c i f i c   binding  o f  

the  c o l l o i d a l   metal  p a r t i c l e s   to  the  p r o t e i n s   and  nuc le i c   a c i d s ;  

iv)  o p t i o n a l l y   washing  the  immobi l i z ing   mat r ix ;   and 

v)  d e t e c t i n g   the  coloured  s igna l   at  the  r e a c t i o n   side  at  the  s u r f a c e  

of  the  immobil iz ing  m a t r i x .  

8.  A  p rocess   according  to  claim  7  where in   the  subs tance   which  p romotes  

the  s t a i n i n g   s p e c i f i c i t y   is  a  d e t e r g e n t .  

9.  A  p rocess   for  s t a i n i n g  p r o t e i n s   and  nuc l e i c   acids  in  a  gel  s u p p o r t  
c h a r a c t e r i z e d   in  tha t   the  s t a i n   is  a  su spens ion   of  metal  p a r t i c l e s   and 

the  p r o t e i n s   and  nuc le ic   acids  are  v i s u a l i z e d   as  a  co loured   s i g n a l  

l o c a l i z e d   at  the  binding  s i t e   of  the  c o l l o i d a l   metal  p a r t i c l e s   to  t h e  

p r o t e i n s   and  nuc le ic   acids   or  q u a n t i t a t i v e l y   de termined  at  t h i s   s i t e  

f o l l o w i n g   ar t -know  s p e c t r o p h o t o m e t r i c  p r o c e d u r e s .  

10.  A  p rocess   according  to  claim  9  compr i s ing   the  s teps   o f :  

i)  c o n t a c t i n g   the  gel  support   o p t i o n a l l y   a f t e r   f i x ing   the  p r o t e i n s   o r  

the  nuc le i c   acids  with  ar t-known  f i x i n g   s o l u t i o n s ,   with  a  s t a i n i n g  

suspens ion   con ta in ing   c o l l o i d a l   meta l   p a r t i c l e s ,   p r e f e r a b l y   a  s o l ,  

in  an  a p p r o p r i a t e   medium,  a d j u s t e d   to  an  a p p r o p r i a t e   c o n c e n t r a t i o n  

and  pH,  and  supplemented  with  at  l e a s t   one  subs tance   which  p romotes  

the  s p e c i f i c   binding  of  the  c o l l o i d a l   metal  p a r t i c l e s   to  t h e  

p r o t e i n s   and  nuc le i c   a c i d s  ;  

i i )   o p t i o n a l l y   washing  the  gel  s u p p o r t ;   and 

i i i )   d e t e c t i n g   the  coloured  s i gna l   at  the  r e a c t i o n   side  in  the  g e l  

s u p p o r t .  



11.  A  p r o c e s s   a cco rd ing   to  c la im  10  where in   the  subs t ance   which 

promotes   the  s t a i n i n g   s p e c i f i c i t y   is  a  d e t e r g e n t .  

12.  A  k i t   for  use  in  a  p r o c e s s   a c c o r d i n g   to  claim  1,  compris ing  a 

s t a i n i n g   s u s p e n s i o n   compr is ing   a  so l   of  metal  p a r t i c l e s ,   in  an  

a p p r o p r i a t e   med ium ad jus t ed   to  an  a p p r o p r i a t e   c o n c e n t r a t i o n  a n d   an 

a p p r o p r i a t e   pH,  and  supplemented   with  at  l e a s t   one  s u b s t a n c e  w h i c h  

promotes   the  s p e c i f i c   b inding   of  the  c o l l o i d a l   metal  or  metal  compound 

p a r t i c l e s   to  the  p r o t e i n s   and  n u c l e i c   a c i d s  .  

13.  A  k i t   a c c o r d i n g   to  claim  12  c o m p r i s i n g :  

i)  a  s t a i n i n g   s u s p e n s i o n ,   c o m p r i s i n g   a  sol  of  metal  p a r t i c l e s   in  an 

a p p r o p r i a t e   medium  a d j u s t e d   to  an  a p p r o p r i a t e   c o n c e n t r a t i o n   and  an  

a p p r o p r i a t e   pH,  and  supp lemented   with  at  l e a s t   one  subs tance   which 

promotes   the  s p e c i f i c   b ind ing   of  the  c o l l o i d a l   metal  p a r t i c l e s   t o  

the  p r o t e i n s   or  n u c l e i c   a c i d s ;   and  

i i )   r e a g e n t s   for  modifying  a n d / o r   enhanc ing   the  s i g n a l   o r i g i n a t i n g   f rom 

the  c o l l o i d a l   metal  or  metal   compound.  

14.  A  k i t   a cco rd ing   to  claim  13,  where in   the  s t a i n i n g   s u s p e n s i o n  

compr i ses   a  gold  sol   and  the  r e a g e n t s   for  modifying  and/or   enhancing  t h e  

s i g n a l   compr i se   a  s i l v e r   compound  as  a  p h y s i c a l   d e v e l o p e r .  

15.  A  k i t   a cco rd ing   to  claim  14,  where in   the  s t a i n i n g   s u s p e n s i o n  

compr i ses   a  sol   of  i ron  hydrox ide   as  a  metal   compound  and  the  r e a g e n t  

for  enhanc ing   the  s i g n a l   o r i g i n a t i n g   from  the  metal  compound  comprise  a  

f e r r o c y a n i d e   s a l t  c o m p l e x .  


	bibliography
	description
	claims

